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0 TTL output driver gate configuration. 



© A TTI output driver gate configuration which has 
reduced voltage spikes on internal power supply 
potential and ground potential nodes includes a P- 
channel pull-up transistor (P1), an N-channel pull- 
down transistor (N1). a NAND logic gate (14), a NOR 
logic gate (16), a first positive feedback amplifier 
circuit (18), and a second positive feedback amplifier 
circuit (20). The pull-up transistor (P1) and the pull- 
down transistor (N1) have gates which are made 
serpentine. The reduction of voltage spikes is 
achieved by slowing down the turn-on times of the 
pull-up and pull-down transistors during transitions 
due to the distributed resistances and capacitances 
m^of the polysilicon material used to form the serpen- 
^•tine gates thereof. The first and second positive 
feedback amplifier circuits (18, 20) are used to pull 
2 the undriven gate ends of the respective transistors 
pall the way to negative and positive supply potentials 
so as to facilitate transitions at an output node. 
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TTL OUTPUT DRIVER GATE CONFIGURATION 



This invention relates generally to CMOS in- 
tegrated circuits and more particularly, it relates to 
a TTL output driver gate configuration which has 
reduced voltage spikes on internal power supply 
potential and ground potential nodes. 

In common practice, it is often required to use 
more than a single circuit type or logic type in an 
electrical system. For example, a complementary 
metal-oxide-semiconductor (CMOS) central pro- 
cessing unit may interface through busses with 
peripheral units adapted to receive transistor- 
transistor-logic (TTL) levels. Thus, there has been 
provided heretofore output buffer circuits which en- 
able integrated circuits to receive CMOS input logic 
levels and to provide output signals that are TTL 
compatible. The output buffer circuit generates, 
when enabled, an output signal which is a function 
of a data signal received from other logic circuitry 
of the integrated circuit. 

Output buffer circuits typically use a pull-up 
transistor device and a pull-down transistor device 
connected in series between first and second pow- 
er supply terminals. The first power supply terminal 
may be supplied with a positive potential +V, 
which is connected to an internal power supply 
potential node. A second power supply terminal 
may be supplied with a negative potential -V or a 
ground potential, which is connected to an internal 
ground potential node. The connection point of the 
pull-up and pull-down transistor devices is further 
joined to an output terminal or pad. 

Dependent upon the logic state of the data 
input signal and an enable signal, either the pull-up 
or pull-down transistor device is quickly turned ON 
and the other one of them is turned OFF. Such 
rapid switching ON and OFF of the pull-up and 
pull-down transistor devices causes sudden surges 
of current (di/dt or current spikes) in the power 
supply and ground lines due to parasitic packaging 
and interconnect inductance and resistance. Also, 
during output switching, charging and discharging 
currents from the pull-up and pull-down transistors 
driving large capacitive loads exists. These tran- 
sient currents (current surges and 
charging/discharging currents) will flow through the 
inductive and resistive, components of the power 
supply and ground lines so as to cause voltage 
spikes at the internal power supply potential and 
the internal ground potential nodes of the output 
buffer. 

These voltage spikes are undesirable since 
they will degrade the output logic "1 " and logic "0" 
voltage levels causing interfacing problems among 
the output buffer circuit and other integrated cir- 
cuits. These undesirable voltage spikes at the inter- 



nal power supply potential and ground potential 
nodes are sometimes referred to as "ground 
bounce." The "ground bounce" will be more se- 
vere when many output buffers are switched si- 

5 multaneously to the same logic state, are operated 
at higher speeds, or are used to drive larger exter- 
nal capacitance loads. Under such circumstances, 
the voltage spike may be large enough to cause 
input buffers to change logic state and output buff- 

70 ers attempting to drive a logic "0" to go to a higher 
voltage level, thereby resulting in an erroneous 
operation. 

In the design of output buffers, a trade-off is 
known to exist between achieving high-speed/high- 

75 drive operation and minimizing of the transient cur- 
rents. While there have been attempts made in the 
prior art of output buffer design to achieve higher 
speed and higher output drive currents by increas- 
ing the sizes of the output pull-up and pull-down 

20 transistor devices, this has resulted in the dis- 
advantage of increasing the voltage spikes. In other 
words, in order to minimize the voltage spikes for 
the prior art output buffer designs, the high-speed 
and/or high-drive characteristics was required to be 

25 sacrificed. 

It would therefore be desirable to provide a 
TTL output driver gate configuration which has 
reduced voltage spikes on internal power supply 
potential and ground potential nodes with only a 

30 small speed penalty. The output driver gate con- 
figuration of the present invention includes a pull- 
up transistor and a pull-down transistor whose 
gates are made serpentine and are driven at only 
end thereof. The reduction of voltage spikes is 

35 achieved by slowing down the turn-on times of the 
pull-up and pull-down transistors during transition 
by means of the distributed resistances and 
capacitances of the polysilicon material used to 
form the gates thereof. 

40 In the present specification there is disclosed a 

TTL output driver gate configuration which is rela- 
tively simple and economical to manufacture and 
assemble, but yet overcomes the disadvantages of 
the prior art. 

45 The TTL output driver gate configuration has 

reduced voltage spikes on internal power supply 
potential and ground potential nodes with only a 
small speed penalty. 

In particular, there is disclosed a TTL output 

so driver gate configuration which is formed of a pull- 
up transistor and a pull-down transistor whose 
gates are made serpentine and are driven at only 
one end thereof. 

There is also disclosed a TTL output driver 
gate configuration which includes a pull-up transis- 
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tor. a pull-down transistor, a first positive feedback 
amplifier circuit, and a second positive feedback 
amplifier circuit. 

Accordingly, there is disclosed a TTL output 
driver gate configuration which has reduced voltage 
spikes on internal power supply potential and 
ground potential nodes, and which includes a P- 
channel pull-up transistor, and an N-channel pull- 
down transistor, a first logic gate, a second logic 
gate, a first feedback amplifier circuit, and a sec- 
ond feedback amplifier circuit. The P-channel tran- 
sistor has a serpentine gate with a first end and a 
second end. a source coupled to a positive poten- 
tial via the internal power supply potential node, 
and its drain coupled to an output node. The N- 
channel transistor has a serpentine gate with a first 
end and a second end, a source coupled to a 
negative potential via the internal ground potential 
node, and it drain coupled to the output node. The 
first logic gate is responsive to a data input signal 
making a low-to-high transition for generating a first 
control signal which is connected to the first gate 
end of the pull-up transistor. The second logic gate 
is responsive to the data input signal making a 
high-to-low transition for generating a second con- 
trol signal which is connected to the first gate end 
of the pull-down transistor. 

The first positive feedback amplifier circuit is 
connected between the first and second gate ends 
of the pull-up transistor and is responsive to the 
first control signal for pulling down the second gate 
end of the pull-up transistor ail the way to the 
negative potential so as to facilitate a low-to-high 
logic transition at the output node. The second 
positive feedback amplifier circuit is connected be- 
tween the first and second gate ends of the pull- 
down transistor and is responsive to the second 
control signal for pulling up the second gate end of 
the pull-down transistor all the way to the positive 
potential so as to facilitate a high-to-low logic tran- 
sition at the output node. The distributed R-C of the 
serpentine gates slow down the turn-on times of 
the pull-up and pull-down transistors so as to re- 
duce voltage spikes at the internal power supply 
potential and ground potential nodes during transi- 
tions at the output node. 

In the accompanying drawings, by way of ex- 
ample only:- 

Figure 1 is a schematic circuit diagram of a 
TTL output driver gate configuration embodying the 
present invention; and 

Figures 2(a) -2(f) are waveforms at various 
points in the circuit of Figure 1 , which are useful in 
understanding the operation thereof. 

Referring now in detail to the drawings, there is 
shown in Figure 1 a schematic circuit diagram of a 
TTL output driver gate configuration 10 of the 
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present invention. The gate configuration 10 is 
formed of P-channel pull-up field-effect transistor 
(FET) P1 and an N-channel pull-down FET N1. 
Each of the transistors P1 and N1 is formed with a 

5 serpentine gate which is made of a polysilicon 
material. The polysilicon gate provides a distributed 
combination of resistances and capacitances which 
facilitates the slowing down of the turn-on times of 
the transistors as will be more fully explained 

io hereinafter. The gate configuration 10 provides an 
output signal at an output node A in response to a 
data input signal DATA received at a data input 
node B and an enable signal EN received at an 
enable input node C. 

rs The gate configuration 10 further includes an 

inverter 12. a NAND logic gate 14, a NOR logic 
gate 16, a first positive feedback amplifier circuit 
18, and a second positive feedback amplifier circuit 
20. Power for all of the components of the gate 

20 configuration 10 is provided by first external and 
second external power supply terminals 21, 23. A 
positive supply voltage or potential +V is applied 
to the first power supply terminal 21, and a nega- 
tive power supply voltage or potential -V or ground 

25 potential is applied at the second power supply 
terminal 23. Typically, the positive supply voltage 
+ V is made to be approximately +5.0 volts. The 
negative power supply voltage -V is made to be 
zero volts. 

30 The gate configuration 10 is used to drive the 

output node A, which has a capacitive load CAP 
connected thereto, through a line 22 having para- 
sitic inductance L. The NAND logic gate 14 re- 
ceives the data input signal DATA on line 24 on its 

35 one input and the enable signal EN on line 26 via 
the inverter 12 on its other input. The output of the 
NAND logic gate 14 on line 28 is applied to a node 
D defining the driven end of the serpentine gate of 
the transistor P1. The opposite or undriven end of 

40 the serpentine gate of the transistor P1 is defined 
by node E. The transistor P1 has its source con- 
nected to an internal power supply potential node F 
and its drain connected to a common node G. The 
internal power supply potential node F is con- 

45 nected to the first external power supply terminal 
21 via a series-connected resistor R1 and inductor 
L1, which represent the resistive and inductive 
components in the power supply line. 

The NOR logic gate 16 receives ttie same data 

so input signal DATA on the line 24 on its one input 
and the same enable signal EN on the line 26 on 
its other input. The output of the NOR logic gate 16 
on line 30 is supplied to a node H defining the 
driven end of the serpentine gate of the transistor 

55 N1 . The opposite or undriven end of the serpentine 
gate of the transistor N1 is defined by a node I. 
The transistor N1 has its source connected to an 
internal ground potential node J and its drain con- 
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nectecl to the common node G. The internal ground 
potential node J is connected to the second exter- 
nal power supply terminal via a series-connected 
resistor R2 and inductor L2, which represent the 
resistive and inductive components in the ground 
line. 

The first feedback amplifier circuit 18 is formed 
of a NOR logic gate 32 and an N-channel transistor 
N2. The NOR logic gate 32 has its one input 
connected to the output of the NAND logic gate 14 
on the line 28 (node D) and its other input con- 
nected to the node E or undriven end of the P- 
channei serpentine gate. The output of line 34 of 
the NOR logic gate 32 is connected to the gate of 
the N-channel transistor N2. The transistor N2 has 
its source connected to the internal ground poten- 
tial node J and its drain connected to the node E. 

Similarly, the second feedback amplifier circuit 
20 is formed of a NAND logic gate 36 and a P- 
channel transistor P2. The NANO logic gate 36 has 
its one input connected to the output of the NOR 
logic gate 16 on the line 30 (node H) and its other 
input connected to the node I or undriven end of 
the N-channel serpentine gate. The output on line 
38 of the NAND logic gate 36 is connected to the 
gate of the P-channel transistor P2. The transistor 
P2 has its source connected to the internal power 
supply potential node F and its drain connected to 
the node I. 

When the enable signal EN is at the high or 
logic "1" level, the output of the inverter 12 will be 
at the low or logic "0" level causing the output of 
the NAND logic gate 14 to be at the high logic 
level. As a result the pull-up transistor P1 will be 
turned off. Further, the output of the NOR logic 
gate 16 will be at a low logic level which turns off 
also the pull-down transistor N1. This produces a 
high impedance tri-state mode at the common 
node G in which the gate configuration 10 is not 
enabled. Thus, for normal operation the enable 
signal EN must be at a low or logic "0" level. 

In order to provide an understanding of the 
normal operation of the output driver gate configu- 
ration 10 of the present invention, reference is now 
made to Figures 2(a)-2(f) of the drawings which 
illustrate the waveforms appearing at various points 
in the gate configuration of Figure 1. Initially, it is 
assumed that the enable signal EN is at the low 
logic level and that the data input signal DATA is 
also at the low logic level. Further, it is assumed 
that the transistors N1 and P2 are both turned on 
and that the transistors P1 and N2 are both turned 
off. As a result, the output node A will be at a low 
logic level. 

When the data input signal DATA makes a low- 
to-high transition at time tl, as shown in Figure 2- 
(a) f the output of the NOR logic gate 16 on the line 
30 will quickly make a high-to-low transition so as 



to turn off the driven gate end of the transistor N1. 
Further, the output of the NAND logic gate 36 on 
the line 38 will quickly make a low-to- high transi- 
tion so as to turn off the transistor P2 in response 

5 to the change at the output of the NOR gate 16. 
This in turn causes the undriven end (node I) of the 
pull-down transistor N1 to be turned off. Simulta- 
neously, the output of the NAND logic gate 14 on 
the line 28 defining a control signal will quickly 

io make a high-to-low transition so as to turn on the 
driven gate end (node D) of the pull-down transistor 
PI. 

However, due to the distributed resistances 
and capacitances of the polysilicon gate of the 

/5 transistor P1, the pull-up transistor P1 will be 
slowed down in its turn-on time which reduces the 
current spikes (di/dt) appearing at the internal pow- 
er supply potential node F, The waveform at the 
node F is illustrated in Figure 2(e). At the time t2. 

20 the node E will still be at the high logic level and 
thus, the output of the NOR logic gate 32 will be 
maintained at the low logic level. The waveform at 
the node E is shown in Figure 2(b). At the time t3, 
the low level at the node D will have propagated 

25 through the R-C delay of the serpentine gate and 
will reach the undriven gate end at the node E, 
which has the effect of pulling down the node E to 
about one-half down to the negative supply poten- 
tial -V. As a consequence, the output of the NOR 

30 logic gate 32 will make a low-to-high transition so 
as to cause the transistor N2 to turn on. 

This will, in turn, cause the node E at the time 
t4 to be pulled down all the way to the negative 
supply potential -V, which is coupled to the node J. 

35 Therefore, the pull-up transistor P1 will be turned 
on harder so as to allow the output node A to 
quickly reach the full positive supply potential +V 
or high logic level. The waveform at the output 
node A is illustrated in Figure 2(d). 

40 When the data input signal DATA makes a 

high-to-low transition at the time t5, the output of 
the NAND logic gate 14 on the line 28 will quickly 
make a low-to-high transition so as to turn off the 
undriven gate end of the transistor P1. Further, in 

45 response to the change at the output of the NAND 
gate 14, the output of the NOR logic gate 32 on the 
line 34 will quickly make a high-to-low transition so 
as to turn off the transistor N2. This in turn causes 
the undriven gate end (node E) of the transistor P1 

so to be turned off. Simultaneously, the output of the 
NOR logic gate 16 will quickly make a low-to-high 
transition so as to turn on the driven gate end 
(node H) of the pull-down transistor N1. 

However, due to the distributed resistances 

55 and capacitances of the polysilicon gate of the 
transistor N1, the pull-down transistor N1 will be 
slowed down in its turn-on time which reduces the 
current spikes (di/dt) appearing at the internal 
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ground node J, as is illustrated in Figure 2(f). At the 
time t6. the node I will still be at the low logic level 
and thus the output of the NAND logic gate 36 will 
be maintained at the high logic level. At the time 
t7, the high level at the node H will have propa- 5 
gated through the R-C delay of the serpentine gate 
and reach the undriven gate end at the node I, 
which has the effect of pulling up the node I to 
about one-half of the positive supply potential + V. 
As a result, the output of the NAND logic gate 36 10 
will make a high-to-low transition so as to cause 
the transistor 92 to turn on. 

This will, in turn, cause the node I at time t7 to 
be pulled all the way to the positive supply + V, 
which is coupled to the node F. The waveform at /5 
the node I is depicted in Figure 2(c) Therefore, the 
pull-down transistor N1 will be turned on harder so 
as to allow the output node A, as shown in Figure 
2(d), to quickly reach the full negative supply po- 
tential -V or low logic level. . 20 

From the foregoing detailed description, it can 
thus be seen that the present invention provides a 
TTL output driver gate configuration which has 
reduced voltage spikes on internal power supply 
potential and ground potential nodes. The driver 25 
gate configuration includes a pull-up transistor and 
a pull-down transistor whose gates are made ser- 
pentine so as to slow down the turn-on times 
thereof. Further, first and second positive feedback 
amplifiers are provided to facilitate pulling the un- 30 
driven gate ends of the transistors all the way to 
the respective negative and positive power supply 
potentials. 

While there has been illustrated and described 
what is at present considered to be a preferred 35 
embodiment of the present invention, it will be 
understood by those skilled in the art that various 
changes and modifications may be made, and 
equivalents may be substituted for elements there- 
of without departing from the true scope of the 40 
invention. In addition, many modifications may be 
made to adapt a particular situation or material to 
the teachings of the invention without departing 
from the central scope thereof. Therefore, it is 
intended that this invention not be limited to the 45 
particular embodiment disclosed as the best mode 
contemplated for carrying out the invention, but 
that the invention will include all embodiments fall- 
ing within the scope of the appended claims. 

50 

Claims 

1. A TTL output driver gate configuration which 
has reduced voltage spikes on internal power sup- 55 
ply potential and ground potential nodes compris- 
ing: 

a P-channel pull-up transistor (P1) having a serpen- 



tine gate, a source and a drain, said pull-up transis- 
tor (P1) having a source coupled to a positive 
potential via the internal power supply potential 
node and its drain coupled to an output node, said 
serpentine gate of said pull-up transistor (p1) being 
formed of a first end and a second end; 
an N-channel pull-down transistor (N1) having a 
serpentine gate, a source and a drain, said pull- 
down transistor (N1) having its source coupled to a 
negative potential via the internal ground potential 
node and its drain coupled to the output node, said 
serpentine gate of said pull-down transistor (N1) 
being formed of a first end and a second end; 
first logic means (14) responsive to a data input 
signal making a low-to-high transition for generating 
a first control signal which is connected to the first 
gate end of said pull-up transistor; 
second logic means (16) responsive to the data 
input signal making a high-to-low transition for gen- 
erating a second control signal which is connected 
to the first gate end of said pull-down transistor 
(N1); 

first positive feedback amplifier means (18) con- 
nected between the first and second gate ends of 
said pull-up transistor (N1) and being responsive to 
the first control signal for pulling down the second 
gate end of said pull-up transistor (P1) all the way 
to the negative potential so. as to facilitate a low-to- 
high logic transition at the output node; and 
second positive feedback amplifier means (20) con- 
nected between the first and second gate ends of 
said pull-down transistor (N1 ) and being responsive 
to the second control signal for pulling up the 
second gate end of said pull-down transistor ail the 
way to the positive potential so as .to facilitate a 
high-to-low logic transition at the output node, 
whereby distributed R-C of the serpentine gates 
slow down the turn-on times of said pull-up and 
pull-down transistors (P1, N1) so as to reduce 
voltage spikes at the internal power supply poten- 
tial and ground potential nodes during transitions at 
the output node. 

2. A driver gate configuration as claimed in 
Claim 1 , wherein said first logic means comprises a 
first NAND logic gate (14). 

3. A driver gate configuration as claimed in 
Claim 1, wherein said second logic means com- 
prises a first NOR logic gate (16). 

4. A driver gate configuration as claimed in 
Claim 1 wherein said pull-down transistor (N1) is 
quickly turned off for generating the low-to-high 
transition at the output node and wherein said pull- 
up transistor (P1) is initially turned on slowly so as 
to reduce the voltage spikes at the internal power 
supply node. 

5. A driver gate configuration as claimed in 
Claim 1, wherein said pull-up transistor (P1) is 
quickly turned off for generating the high-to-low 
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transition at the output node and wherein said pull- 
down transistor (N1) is initially turned on slowly so 
as to reduce the voltage spikes at the internal 
ground node. 

6. A driver gate configuration as claimed in 
Claim 1, wherein said first positive feedback am- 
plifier means comprises a second NOR logic gate 
(32) and a second N-channel transistor (N2). 

7. A driver gate configuration as claimed in 
Claim 6, wherein said second NOR logic gate (32) 
has one of its inputs connected to the first gate end 
of said pull-up transistor (P1) and its other input 
connected to the second gate end of said pull-up 
transistor (P1), said second N-channel transistor 
(N2) having its gate connected to the output of said 
second NOR gate (32), its drain connected to the 
second gate end of said pull-up transistor (P1), and 
its source connected to the ground potential node. 

8. A driver gate configuration as claimed in 
Claim 1, wherein said second positive feedback 
amplifier means comprises a second NAND logic 
gate (36) and a second P-channel transistor (P2). 

9. A driver gate configuration as claimed in 
Claim 8, wherein said second NAND gate (38) has 
one of its inputs connected to the first gate end of 
said pull-down transistor (N1) and its other input 
connected to the second gate end of said pull- 
down transistor (N1), said second P-channel tran- 
sistor (P2) having its gate connected to the output 
of said second NAND gate (36), its drain connected 
to the second gate end of said pull-down transistor 
(N1), and its source connected to the internal pow- 
er supply potential node. 

10. A TTL output driver gate configuration 
which has reduced voltage spikes on internal pow- 
er supply potential and ground potential nodes 
comprising: 

a P-channel pull-up transistor (P1 ) having a serpen- 
tine gate, a source and a drain, said pull-up transis- 
tor (P1) having a source coupled to a positive 
potential via the internal power supply potential 
node and its drain coupled to an output node, said 
serpentine gate of said pull-up transistor (P1) being 
formed of a first end and a second end; 
an N-channel pull-down transistor (N1) having a 
serpentine gate, a source and a drain, said pull- 
down transistor (N1) having its source coupled to a 
negative potential via the internal ground potential 
node and its drain coupled to the output node, said 
serpentine gate of said pull-down transistor (N1) 
being formed of a first end and a second end; 
a first NAND logic gate (14) responsive to a data 
input signal making a low-to-high transition for gen- 
erating a first control signal which is connected to 
the first gate end of said pull-up transistor; 
a first NOR logic gate (16) responsive to the data 
input signal making a high-to-low transition for gen- 
erating a second control signal which is connected 



to the first gate end of said pull-down transistor 
(N1); 

first positive feedback amplifier means (18) con- 
nected between the first and second gate ends of 

5 said pull-up transistor (N1) and being responsive to 
the first control signal for pulling down the second 
gate end of said pull-up transistor (P1) all the way 
to the negative potential so as to facilitate a low-to- 
high logic transition at the output node; and 

io second positive feedback amplifier means (20) con- 
nected between the first and second gate ends of 
said pull-down transistor (N1) and being responsive 
to the second control signal for pulling up the 
second gate end of said pull-down transistor ail the 

is way to the positive potential so as to facilitate a 
high-to-low logic transition at the output node, 
whereby distributed R-C of the serpentine gates 
slow down the turn-on times of said pull-up and 
pull-down transistors (P1, N1) so as to reduce 

20 voltage spikes at the internal power supply poten- 
tial and ground potential nodes during transitions at 
the output node. 

1 1 . A driver gate configuration as claimed in 
Claim 10, wherein said pull-down transistor (N1) is 

25 quickly turned off for generating the low-to-high 
transition at the output node and wherein said pull- 
up transistor (P1) is initially turned on slowly so as 
to reduce the voltage spikes at the internal power 
supply node. 

30 12. A driver gate configuration as claimed in 

Claim 11, wherein said pull-up transistor (P1) is 
quickly turned off for generating the high-to-low 
transition at the output node and wherein said pull- 
down transistor (N1) is initially turned on slowly so 

35 as to reduce the voltage spikes at the internal 
ground node. 

13. A driver gate configuration as claimed in 
Claim 12, wherein said first positive feedback am- 
plifier means comprises a second NOR logic gate 

40 (32) and a second N-channel transistor (N2). 

14. A driver gate configuration as claimed in 
Claim 13, wherein said second NOR logic gate (32) 
has one of its inputs connected to the first gate end 
of said pull-up transistor (P1) and its other input 

45 connected to the second gate end of said pull-up 
transistor (P1), said second N-channel transistor 
(N2) having its gate connected to the output of said 
second NOR gate (32), its drain connected to the 
second gate end of said pull-up transistor (P1), and 

so its source connected to the ground potential node. 

15. A driver gate configuration as claimed in 
Claim 14, wherein said second positive feedback 
amplifier means comprises a second NAND logic 
gate (36) and a second P-channel transistor (P2). 

55 16. A driver gate configuration as claimed in 

Claim 15, wherein said second NAND gate (38) has 
one of its inputs connected to the first gate end of 
said pull-down transistor (N1) and its other input 



6 



BNSDOCID: <EP_0347083A2_I_> 



11 EP 0 347 083 A2 12 



connected to the second gate end of said pull- 
down transistor (N1), said second P-channel tran- 
sistor (P2) having its gate connected to the output 
of said second NAND gate (36). its drain connected 
to the second gate end of said pull-down transistor 5 
(N1). and its source connected to the internal pow- 
er supply potential node. 

17. A TTL output driver gate configuration 
which has reduced voltage spikes on an internal 
power supply potential node comprising: 10 
a P-channel pull-up transistor (P1) having a serpen- 
tine gate, a source and a drain, said pull-up transis- 
tor (P1) having its source coupled to a positive 
potential via the internal power supply potential 
node and its drain coupled to an output node, said 75 
serpentine gate of said puil-up transistor <P1) being 
formed of a first end and a second end; 

logic means responsive to a data input signal mak- 
ing a low-to-high transition for generating a control 
signal which is connected to the first gate end of 20 
said pull-up transistor (P1); and 
positive feedback amplifier means (18) connected 
between the first and second gate ends of said 
pull-up transistor (P1) and being responsive to the 
control signal for pulling down the second gate end 25 
of said pull-up transistor ail the way to a negative 
supply potential so as to facilitate a low-to-high 
logic transition at the output node, 
whereby distributed R-C of the serpentine gate 
slows down the turn-on time of said pull-up transis- 30 
tor so as to reduce voltage- spikes at the internal 
power supply potential node during transition at the 
output node. 

18. A driver gate configuration as claimed in 
Claim 17, wherein said logic means comprises a 35 
first NAND logic gate (14). 

18. A driver gate configuration as claimed in 
Claim 18, wherein said positive feedback amplifier 
means comprises a NOR logic gate (32) and an N- 
channel transistor (N2). 40 

20. A driver gate configuration as claimed in 
Claim 19, wherein said NOR logic gate (32) has 
one of its inputs connected to the first gate end of 
said pull-up transistor (P1) and its other input con- 
nected to the second gate end of said pull-up 45 
transistor (PI ), said N-channel transistor (N2) hav- 
ing its gate connected to the output of said NOR 
gate (32), its drain connected to the second gate 
end of said pull-up transistor (P1), and its source 
connected to a ground potential node. 50 
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© A TTI output driver gate configuration which has 
reduced voltage spikes on internal power supply 
potential and ground potential nodes includes a P- 
channel puil-up transistor (P1), an N-channel pull- 
down transistor (N1), a NAND logic gate (14), a NOR 
logic gate (16), a first positive feedback amplifier 
circuit (18), and a second positive feedback amplifier 
circuit (20). The pull-up transistor (P1) and the pull- 
down transistor (N1) have gates which are made 
serpentine. The reduction of voltage spikes is 
achieved by slowing down the turn-on times of the 
pull-up and pull-down transistors during transitions 
due to the distributed resistances and capacitances 
of the polysiiicon material used to form the serpen- 



^•tine gates thereof. The first and second positive 
feedback amplifier circuits (18, 20) are used to pull 
JJJjthe undriven gate ends of the respective transistors 
§ all the way to negative and positive supply potentials 
so as to facilitate transitions at an output node. 
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